Finding out conditions which tell whether a set of orthogonal multipartite quantum states can be distinguished by local operations and classical communication (LOCC) is an ongoing investigation. We connect this question with generators of SU(N) and show that a nontrivial sufficient condition for a set of orthogonal quantum states to be locally indistinguishable can be checked in a systematic way. Interestingly we find that two orthogonal GHZ-like states and an arbitrary state from their complementary subspace cannot be distinguished by LOCC. There are some general results on locally distinguishing a set of orthogonal multipartite states. It was showed by Bennett et al. that an unextendible product basis (UPB) for a multipartite quantum system cannot be locally distinguished [5] . Walgate et al. obtained the necessary and sufficient conditions for a set of orthogonal 2 × 2 quantum states to be locally distinguishable [6] . Chen and Li showed that if a set of orthogonal states can be distinguished using LOCC, each state in the set can be written as a linear combination of product ones which are orthogonal to the other states in the set [7] . A connection between locally distinguishing orthogonal states and the characteristics that quantum entanglement cannot be increased using LOCC has also been obtained [3, 8, 9, 10] . Watrous proved that there exist subspaces of bipartite tensor product spaces that have no orthonormal bases that can be distinguished using LOCC [11] . Recently Hayashi et al. found that if a set of orthogonal states can be distinguished by LOCC, the sum of a distancelike entanglement measure of each state in the set cannot be bigger than the total dimension of the system [12] .
Orthogonal multipartite quantum states can always be distinguished when global measurements can be implemented, but things will be different if only local operations and classical communication (LOCC) are allowed. Bennett et al. presented a set of nine orthogonal product states that cannot be distinguished by LOCC, which demonstrates that there is nonlocality different from quantum entanglement [1] . Since then whether a set of orthogonal multipartite quantum states can be distinguished by LOCC attracts much interest [2] . Ghosh et al. proved that it is impossible to distinguish three or four Bell states with LOCC [3] while Walgate et al. showed that two orthogonal quantum states are always locally distinguishable [4] .
There are some general results on locally distinguishing a set of orthogonal multipartite states. It was showed by Bennett et al. that an unextendible product basis (UPB) for a multipartite quantum system cannot be locally distinguished [5] . Walgate et al. obtained the necessary and sufficient conditions for a set of orthogonal 2 × 2 quantum states to be locally distinguishable [6] . Chen and Li showed that if a set of orthogonal states can be distinguished using LOCC, each state in the set can be written as a linear combination of product ones which are orthogonal to the other states in the set [7] . A connection between locally distinguishing orthogonal states and the characteristics that quantum entanglement cannot be increased using LOCC has also been obtained [3, 8, 9, 10] . Watrous proved that there exist subspaces of bipartite tensor product spaces that have no orthonormal bases that can be distinguished using LOCC [11] . Recently Hayashi et al. found that if a set of orthogonal states can be distinguished by LOCC, the sum of a distancelike entanglement measure of each state in the set cannot be bigger than the total dimension of the system [12] .
The scenario of locally distinguishing a set of orthogonal states can be conceived as follows. Separate observers hold a multipartite quantum system, which is prepared in one of a set of mutually orthogonal states. They know the precise form of each state in the set but they do not know which state the system is in. Their task is to find it out by using LOCC. First, one observer makes a local measurement on his partite and communicates the measurement result to others. And then another observer makes another local measurement and so on. To say that a set is distinguishable with LOCC, it usually needs to design a finite sequence of measurements so that it can always discover which state the system is in no matter what the measurement results are obtained. Because each measurement usually has many choices and there is no limit on the number of the measurements, to conclude that a set can or cannot be distinguished by LOCC is usually not easy.
In this letter we will show that a nontrivial sufficient condition for a set of mutually orthogonal states to be locally indistinguishable can be checked in a systematic way. In addition, we will outline a method to check whether a set of orthogonal two-partite states can be distinguished using only two local measurements.
Definition 1: Trivial measurement. Measurements in quantum mechanics are described by a collection of measurement operators {M m }. The index m refers to the outcomes that may occur in the experiment. The probability that result m occurs is given by
where |Ψ is the state of the quantum system just before the measurement, and the state of the system after the measurement is
The objects M † m M m are the positive operator-valued measure (POVM) elements for the measurement, which sum to the identity. If all POVM elements are proportional to the identity operator, we say the measurement is trivial because it yields no information about the state [6] .
Definition 2: Orthogonality-keeping measurement. Suppose there is a set of mutually orthogonal states {|ϕ i }. For any measurement operator M m , if any two states from the set {M m |ϕ i } are orthogonal, we say the measurement represented by {M m } is orthogonalitykeeping to the set {|ϕ i }. Some in the set {M m |ϕ i } may be zero states which are orthogonal to any state.
Theorem 1: If a set of orthogonal multipartite states {|ϕ i } can be distinguished with LOCC, there should be one observer who can make a local measurement that is nontrivial and orthogonality-keeping to the set {|ϕ i }. If such an observer cannot be found, then the set cannot be distinguished using LOCC.
This result is obvious but nontrivial and it has already been employed in [6, 13] to prove that the set of nine product states presented by Bennett et al. [1] cannot be distinguished with LOCC. The question is how to check whether such an observer exists for a general set.
Suppose Alice, one of the observers, owes the d adimensional quantum particle a. If she can perform a nontrivial and orthogonality-keeping measurement to the set {|ϕ i }, there should be an operator A † A, a representative of POVM elements of her measurement, acting on the Hilbert space of particle a and satisfying
For any pair of index m = n, two traceless Hermitian operators are defined:
where T rā is trace on all particles except a. The condition (3) can be rewritten as
which means the operator A † A is orthogonal to any element of the set {Γ ij , ∆ ij } i =j in the sense of HilbertSchmidt inner product. Generally speaking elements in the set {Γ ij , ∆ ij } i =j are not linear independent and some of them may be zero. Using Gram-Schmidt orthogonalization [14] , from the set {Γ ij , ∆ ij } i =j we can obtain a new set of operators {Λ m } dã m=1 with its elements satisfying 
When dã = d 
which combined with {Λ m } dã m=1 forms a complete set of orthogonal generators of SU (d a ). The condition (7) means the representative A † A of POVM elements of Alice's measurement will be in the form
where p is the trace of A † A and the coefficients b n are real. Alice can surely perform a nontrivial and orthogonality-keeping measurement to the set of states {|ϕ i } when r 1. For example, she can perform a measurement which has only two POVM elements:
where the coefficients c n are real and [15] . This measurement will be nontrivial and orthogonality-keeping to the set of states {|ϕ i } if one of the coefficients c n is not zero.
In the above paragraphs we have presented a method to check whether Alice can perform a nontrivial and orthogonality-keeping measurement to the set {|ϕ i } by obtaining the set {Λ m } dã m=1 in a systematic way. One further question is whether Alice can implement an orthogonality-keeping measurement to the set of states {|ϕ i } with all the POVM elements having rank one when dã < d 2 a − 1, i.e., r 1. If she implements such a measurement on her particle a, she will be irrelevant to the following distinguishing process no matter what measurement result she obtains, because the multipartite system will be in one of a set of product states in the cut of particle a and the others, and particle a will be in the same state in all possible product states. To make a POVM element of Alice's measurement which is orthogonalitykeeping to the set {|ϕ i } have rank one, it requires the coefficients b n in the element's expression (9) satisfying
The quantity on the right hand side of Eq. (11) can be regarded as the density operator of a quantum state in the Hilbert space of particle a. A set of density operators of pure states can be obtained from the solutions of Eq. (11) . If the identity operator I da over d a can be expressed in a concave composition of these density operators, Alice is able to implement an orthogonality-keeping measurement to the set {|ϕ i } with all the POVM elements having rank one. When there are only two observers, e.g., Alice and Bob, it is essentially important to see whether one of them can perform an orthogonality-keeping measurement to the set {|ϕ i } with all the POVM elements having rank one. After Alice makes such a measurement the possible states of the system will be orthogonal in Bob's side and a suitable projective measurement on his particle will discover which state they originally share. In some sense, we have just outlined a method to check whether Alice and Bob can distinguish the set of states by using two local measurements and classical communication between them. When particle a held by Alice is a qubit, i.e., d a = 2, Eq. (11) is equivalent to r n=1 b 2 n = 1. We have the following result:
Theorem 2: Alice and Bob share a 2 × n quantum system which is prepared in one of a set of mutually orthogonal states {|ϕ i }. They know the precise forms of each states in the set {|ϕ i }. They can discover which state the system is in by using LOCC if Alice can perform a nontrivial and orthogonality-keeping measurement to the set {|ϕ i } (i.e., r ≥ 1).
Proof: That Alice can perform a nontrivial and orthogonality-keeping measurement to the set {|ϕ i } means the integer r defined just before (8) is equal or bigger than one, so on her qubit a Alice can perform a measurement that has only two POVM elements:
This measurement is orthogonalitykeeping to the set {|ϕ i } and all the POVM elements have rank one. After Alice has performed her measurement, the possible states of the system will be orthogonal on Bob's side. According to the result in Alice's measurement, Bob can perform a suitable projective measurement on his particle to find out which state the system originally was in.
It can be proved that our theorem 2 is equivalent to theorem 1 in [6] in some sense, but we have given a method to check whether r ≥ 1, and we have given an explicit expression (12) for her measurement when r ≥ 1.
Till now we have considered the first measurement in distinguishing a set of orthogonal states {|ϕ i } with LOCC. In most cases one local measurement is not enough to discover which state the system is in, so it is necessary to consider the second measurement. We use operators {M m } to describe the first local measurement which is nontrivial and orthogonality-keeping to the set {|ϕ i }. When result m occurs in the first measurement, the observers are forced to distinguish a new set of orthogonal states {M m |ϕ i } with LOCC. As we discuss the first measurement we can check whether there exists an observer who can implement a nontrivial and orthogonality-keeping measurement to the set {M m |ϕ i }. If there is no such an observer except the first measurement performer, we can say the first measurement represented by the operators {M m } is inappropriate. Following this idea, we find that two orthogonal GHZ-like states and an arbitrary state from their complementary subspace cannot be distinguished by LOCC.
Theorem 3: The following three states cannot be distinguished by using LOCC:
where s × t = 0, |s| 2 + |t| 2 = 1, and 
